BACKGROUND: Obesity in childhood and adolescence is associated with health problems, increases in cardiovascular disease (CVD) risk factors and a greater likelihood of becoming overweight as an adult. A description of the sociodemographic distribution of overweight and obesity among children and adolescents in the population may allow us to determine if health promotion resources should be differentially allocated to particular groups. METHODS: The New South Wales Schools Fitness and Physical Activity Survey, 1997 (n 5518) was a cross-sectional survey which measured height, weight, waist and hip girths and skinfold thicknesses of randomly selected New South Wales students in school years 4, 6, 8 and 10. Height and weight only were measured among Year 2 students. The mean ages of students in school years 2, 4, 6, 8 and 10 were 7.3 y, 9.3 y, 11.3 y, 13.3 y and 15.3 y, respectively. The values of body mass index (BMI), waist girth, waist-to-hip ratio (WHR) and sum of three skinfolds for students resident in urban and rural areas and in tertiles of socioeconomic status (SES) were compared. RESULTS: There were no differences on any of the anthropometric measures between urban and rural boys and girls, with the exception that WHR was higher among urban girls. Among boys, there were no differences between the SES tertiles on any of the measures. Among girls, each of the anthropometric measures (except sum of skinfolds) was inversely associated with SES, with body fatness tending to be lower in the high SES tertile, compared with the low and middle SES tertiles. None of the statistical interactions between school year and body fatness was signi®cant, suggesting that the relationship is consistent from childhood to adolescence. CONCLUSION: On the basis of these results, we suggest that health promotion programs aimed at weight management among Australian girls of lower SES are not warranted. We recommend that health promotion programs emphasize regular physical activity, a healthy diet and acceptance of the normal range of body shapes.
Introduction
Overweight and obesity in childhood and adolescence are associated with signi®cant physical and psychosocial health problems. 1, 2 In addition, overweight adolescents are more likely than normal weight adolescents to become overweight adults 3, 4 and to experience the chronic diseases associated with adult obesity. 5 Monitoring the anthropometric status of children and adolescents provides information about their current health status as well as future health risks.
In addition to monitoring the anthropometric status of children and adolescents, it is useful to examine the sociodemographic distribution of overweight and obesity in the population. If overweight is found to be more prevalent among some groups of children and adolescents, it may be appropriate to allocate health promotion resources differentially to those groups.
A review of the literature on the relationship between socioeconomic status (SES) and obesity 6 found that, among women, obesity and SES were consistently inversely related. However, among men, half of the studies reviewed reported an inverse association, whereas a substantial minority (30%) reported a direct association. In addition, the ®ndings on children and adolescents were inconsistent, with no association, a direct association and an inverse association all being commonly reported. Sobal and Stunkard 6 speculated that differences in the age of the children surveyed may account for the differences between studies.
The New South Wales (NSW) Schools Fitness and Physical Activity Survey, 1997 (n 5518), 7 selected primary and high schools randomly from all three education sectors, and from urban and rural geographical regions of NSW, the most populous state in Australia. Anthropometric data were collected on boys and girls in school years 2, 4, 6, 8 and 10 (mean ages 7.3 y, 9.3 y, 11.3 y, 13.3 y and 15.3 y, respectively), providing us with the opportunity to investigate two questions. First, a description of the sociodemographic distribution (by urbanarural location and tertiles of SES) of body fatness among Australian children and adolescents may provide guidance for the allocation of health promotion resources according to need. Second, in response to the variability among reports on the relationship between SES and body fatness among young people, we determine if the socioeconomic distribution of body fatness varies with age among boys and girls as Sobal and Stunkard 6 speculate.
Methods

Sample selection
Proportional strati®ed random sampling of NSW primary and high schools was conducted by the Australian Council for Educational Research. Special schools, schools with enrolments of less than 180 students and schools in the remote rural regions of NSW, were excluded from the sampling frame, in order to reduce survey costs. However, the target population comprised 86% of the primary school population and 97% of the high school population. Random samples of 45 primary schools and 45 high schools were selected, strati®ed by education sector (Department of School Education, Catholic Education Commission and Association of Independent Schools). The number of schools selected in each stratum was proportional to the number of students enrolled in that education sector and the likelihood of a school being selected in each stratum was proportional to the size of the student enrolment. Within each selected school, one class was chosen at random from each of Years 2, 4, 6, 8 and 10.
The Australian Council for Education Research provided a list of all schools, sorted by education sector and postcode, with the selected schools marked. Selected schools which declined to participate in the survey were replaced with the next school on the list. Once a school agreed to participate, classes were selected at random to participate. A member of the study team contacted the school to establish the basis on which classes were formed and how many classes there were in each relevant year group. Where possible, mixed-ability class groupings were used, usually a roll class. The class groups were identi®ed (composite classes were combined as necessary) and a class was then chosen at random by referring to a random number table, which had been prepared for each school.
Data collection
The data were collected by four teams of four ®eld of®cers (one team of four per school), consisting of fourteen teachers seconded from NSW primary and high schools, plus two research of®cers. All members of the ®eld team underwent two weeks of orientation and training prior to data collection, which included three days of training and examination in anthropometry (Level 1 of the International Society for the Advancement of Kinanthropometry).
The data were collected during school weeks 3 ± 8 (17 February ± 27 March 1997) of the ®rst NSW school term of 1997 (mid-late summer in the southern hemisphere). Data collection took place concurrently in primary schools and high schools, in schools from each education sector, and in metropolitan and rural schools, in order to prevent potential bias due to seasonal effects and the effects of progression through the school term.
The study was approved by the University of Sydney Human Ethics Committee. Each school and student was informed that their participation in the study was entirely voluntary and that they were free to withdraw from the study at any time. Active consent from parentsacarers was required for students to participate in the survey.
Anthropometric measurement
Anthropometric measurements included height, weight, skinfold thickness (collected on a one-in-®ve random sub-sample) and waist and hip girths. Anthropometric measurements were collected prior to the tests of health-related ®tness and fundamental motor skills, to avoid the in¯uence of¯uid loss due to exertion.
Weight and height. Tanita 1597 bathroom scales (Mentone Educational Centre, Victoria, Australia) were used to measure weight to the nearest 0.1 kg. Measurements were taken with shoes and heavy clothing removed. Students were generally dressed in their sports uniform, although in a small number of cases students wore standard school uniform. Because the measurements were taken in midsummer, the standard school uniform was light and was considered unlikely to signi®cantly in¯uence the results.
Height was measured to the nearest millimetre using portable stadiometers (Mentone Educational Centre) and the stretch stature method. 8 Weight and height measurements were not taken at a particular time of day. Weight and height data were used to calculate body mass index (BMI; kgam ) is highly correlated with predicted total body fat as a percentage of weight calculated from the sum of four skinfolds. The main shortcoming of BMI is that it is signi®cantly correlated with height. However, because this study does not attempt to characterise the relationship between adiposity and disease, the correlation between height and BMI is not problematic.
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Waist and hip girths. Non-extensible steel tapes (Luskin Executive Thinline W606PM, Cooper Tools, Apex, NC) were used to measure girths. Waist girth was measured at the level of the narrowest point between the lower costal border and the iliac crest. Where there was no obvious narrowing, the measurement was taken at the mid-point between these two landmarks. Hip girth was measured at the level of the greatest posterior protuberance of the buttocks, with the tape in a horizontal plane. Because a signi®cant number of girls wore tunics, girths were measured with the students clothed in light clothing. Among boys and among girls who wore a separate shirt and skirt or shorts, hip girth was measured with the shirt lifted to the level of the waist. That is, both waist and hip girths were measured over one layer of light clothing for all students. Girth measurements were expressed as centimetres (expressed to the nearest 0.1 cm).
Skinfolds. Harpenden skinfold calipers (British Indicators, West Sussex) were used for skinfold measurements. All calipers were calibrated for gap and spring strength, prior to use in the ®eld, using the method recommended by Carlyon et al. 10 Skinfolds were measured at three sites: biceps, triceps and subscapular, on a random one-in-®ve sample of boys and girls from Years 4, 6, 8 and 10. Measurements were taken at the sites and using the methods described by Norton et al, 8 expressed as millimetres. Two measurements were taken at each site and the mean at each site was used in the analyses.
Sociodemographic measures
All students were asked for information on their age, school year, gender, suburb and postcode of residence. Primary school students were asked to record their age in years, the month of their birthday and, if their birthday fell in the month of testing (February and March), to indicate if they had had their birthday before the day of testing. High school students were asked to record their month and year of birth. Age at the end of February was computed for each student.
Postcode of residence (equivalent to the US zipcode) was used as a proxy for SES. The Australian Bureau of Statistics (ABS) Index of Relative Socioeconomic Disadvantage 11 was used to give an SES score for each postcode area, allowing students to be ranked according to SES. Based on this score, students were grouped into tertiles of SES. Analyses were also conducted using quintiles of SES, but the ®ndings were no more informative than the analyses using tertiles. For the sake of simplicity in reporting, we present the ®ndings on SES tertiles. Students were identi®ed as resident in urban regions if their school was situated in the Sydney metropolitan area, the adjacent Blue Mountains region, the cities of Wollongong and Newcastle or the Central Coast region.
Data entry and analysis
The results of the anthropometric measurements were double entered by a commercial data entry organisation. Data analyses were undertaken using SAS 12 and STATA. 13 Analyses were not weighted, because the sampling method adopted was designed to provide an approximately self-weighted sample. Tests of signi®-cance (to test for differences by geographical region and SES) were used to determine whether observed differences were larger than would be expected through random variability. These tests were performed by ®tting Generalised Estimating Equation (GEE) models to the data, to take into account the clustering by school. Separate models were ®tted for boys and girls, and year group (coded as a categorical variable) was adjusted for in each model. Preliminary analyses of residuals from multiple regression modelling showed that taking the natural logarithm of each outcome variable provided a better ®t because of skewness and heteroscedasticity. Based on this, the log e transform of the outcome was also used for the GEE model, and hence estimates based on these models are presented in terms of a percentage difference between groups. Each model was tested for an interaction between year group and the explanatory variable of interest using P`0.01 as the criterion of statistical signi®cance. If no interactions were found, the ®nal model then included only main effects using P`0.05 as the cutoff for statistical signi®cance. The Wald test was used to assess signi®cance. For one degree of freedom, this has been presented as a z statistic.
Results
Of the 90 (45 primary, 45 high) schools initially invited to participate in the survey, ®ve declined the invitation, (one primary, and four high schools). The primary school and three of the high schools were Table 1 shows the number and proportion of boys and girls in each school year and the student response rates. The response rates for primary school students were all close to 90%, but were lower for high school students. The majority of cases of non-participation ( b 70%) were due to absenteeism on the day of testing, rather than refusal to participate. Seventy percent of students attended urban schools.
Boys Table 2 shows the mean, median, 5th, 15th, 85th and 95th centile values of BMI, the mean values for the sum of three skinfolds, waist girth and waist-to-hip ratio (WHR) for boys in each school year surveyed, strati®ed by SES tertile. None of interactions between geographic location and school year for the anthropometric measures were statistically signi®cant. Controlling for the effect of school year, the differences between boys living in urban and rural areas were not statistically signi®cant for BMI (z 7 1.4, P 0.17), skinfolds (z 7 1.1, P 0.3), waist girth (z 7 0.4, P 0.7) or WHR (z 7 0.8, P 0.4).
Interactions between SES and year group, for each anthropometric measure were examined to determine if the relationship between SES and body fatness varied with age. Although the interactions for BMI (w 2 17.3, 8 df, P 0.03) and waist girth (w 2 12.5, 6 df, P 0.05) approached statistical signi®cance among boys, it is clear from Table 2 that there was no clear pattern in the data. The interactions for skinfold thickness (w 2 1.9, 6 df, P 0.7) and WHR (w 2 3.1, 6 df, P 0.8) were clearly not signi®cant.
As Table 2 shows, there were no statistically signi®-cant differences between SES tertiles for any of the measures among boys. Table 3 shows the mean, median, 5th, 15th, 85th and 95th centile values of BMI, the mean values for sum of three skinfolds, waist girth and WHR for girls in each school year surveyed, strati®ed by SES tertile. None of the interactions between geographic location and school year for the anthropometric measures were statistically signi®cant. The differences between girls living in urban and rural areas, controlling for the effect of school year, were not statistically signi®cant for BMI (z 0.6, P 0.5), sum of three skinfolds (z 7 0.6, P 0.5) or waist girth (z 0.07, P 0.9), but the mean WHR of urban girls was estimated to be 1.0% (95% con®dence intervals (CI) 0.3% ± 1.7%) greater than that of rural girls (z 7 2.8, P 0.005).
Girls
The interactions between SES and year group for BMI (w 2 9.0, 8 df, P 0.3), skinfold thickness (w 2 8.0, 6 df, P 0.2), waist girth (w 2 5.9, 6 df, P 0.4) and WHR (w 2 5.6, 6 df, P 0.5) were all not signi®cant. These results indicate that the relationship between SES and body fatness did not vary with age.
As Table 3 shows, there were statistically signi®-cant differences among girls (controlling for the effect of school year) between SES tertiles for BMI, waist girth and WHR, but not for skinfold thickness. Using the low SES group as the referent category, for BMI the mean of the middle SES group was not statistically different from the referent group (z 7 0.6, P 0.5), Demographics of fatness among children and youths ML Booth et al but the mean BMI of the high SES group was 2.6% (95% CI 1.0 ± 4.3%) lower than the mean of the referent group (z 7 3.1, P 0.002). The same pattern of results was observed for waist girth. The mean of the middle SES group was not statistically different from the referent group (z 7 1.2, P 0.2), but the mean waist girth of the high SES group was 2.0% (95% CI 0.6 ± 3.4%) lower than the mean of the referent group (z 7 2.9, P 0.004). For WHR, the means of both the middle (z 7 2.9, P 0.004) and high (z 7 2.5, P 0.013) SES tertiles, were signi®cantly lower than that of the referent group. The corresponding estimates were 1.2% (95% CI 0.4 ± 1.9%) and 1.1% (95% CI 0.2 ± 1.9%).
Discussion
In this study, anthropometric measures of body fatness were collected on a random sample of 5518 school children in years 2, 4, 6, 8 and 10. None of the anthropometric measures were signi®cantly different between boys resident in rural or urban areas or between boys of different SES. Among girls, however, there were signi®cant inverse associations between SES and BMI, waist girth and WHR, but not skinfold thicknesses. The ®ndings suggest that girls from the high SES tertile were leaner than girls from the middle and low SES tertiles, not that low SES girls had greater body fatness. The association did not appear to vary with age.
With regard to the statistically signi®cant difference in WHR between urban and rural girls, it should be noted that the estimated differences were very small and are unlikely to be of any public health signi®-cance. Although differences in body fatness between Australian urban and rural adults has not been well researched, there is some evidence that rural adults tend to have higher BMI than urban adults.
14,15 Our ®ndings and the available literature, suggest that urbanarural differentials in the prevalence of overweight, develop during adulthood and that a focus on rural children and adolescents is therefore not warranted.
Among boys, there were no differences between the SES tertiles on any of the measures. However, among girls, there were signi®cant differences between SES tertiles for BMI, waist girth and WHR. For BMI and waist girth, the mean of the high, but not the middle SES tertile, was signi®cantly lower than the mean of the low SES tertile. For WHR, the means of both the middle and high SES tertiles were signi®cantly lower than the mean of the low SES tertile. Although the sum of three skinfolds was not statistically signi®-cantly different across SES tertiles, skinfold thickness generally declined with increasing SES. This consistent pattern of results suggests that the inverse association between SES and body fatness among girls is robust. Gliksman et al, 16 using data from a large-scale Australian survey of children aged 7 ± 15 y conducted in 1985, also reported an inverse association between BMI and SES, but did not stratify the analysis by gender. It is notable that for both BMI and waist girth among girls, the difference between the means of the middle and low SES tertiles were not signi®cantly different, but that the mean of the high SES tertile was lower than the mean of the low SES tertile. These ®ndings suggest that the SES differential in body fatness does not re¯ect greater overweight among girls of lower SES, but greater leanness among girls of high SES. On the basis of these results, we suggest that health promotion programs aimed at weight management among Australian girls of lower SES are not warranted.
The absence of statistically signi®cant interactions between school year (as a proxy for age) and SES indicate that the SESabody fatness association does not vary with age, at least in the present study. This ®nding does not support the speculation of Sobal and Stunkard, 6 that the variability among studies of the relationship between SES and body fatness among adolescents may be a result of the varying age of the subjects. Another possible explanation is that the differences in body fatness between groups of different SES are small and may be strongly in¯uenced by the characteristics of the sample.
The possible causes of lower BMI among high SES girls are that higher SES girls may consume less energy, may have higher energy expenditure (are more physically active) or may engage in weight control strategies to a greater extent than other girls. A recent study of students aged 11 y, 13 y and 15 y, resident in Adelaide, South Australia, found no signi®cant relationships between energy intake and father's occupation or father's education level. 17 Although the percentage energy from fat tended to decrease with mothers' education level, the differences were not statistically signi®cant. In a survey of 1215 Perth, Western Australia, students who completed 24 h dietary records,it was found thatthe percentage of energy from saturated fats was signi®cantly inversely related to SES among girls, but not boys. 18 The few Australian data available suggest, therefore, that girls from lower SES backgrounds may consume more fat, although the ®ndings are equivocal.
There have been a small number of reports on adolescent physical activity participation. A study of Swedish adolescents found that regular exercise was more common among girls, but not boys, whose fathers had a high level of education 19 and a study of Californian high school students also found that high SES students participated in more physical education classes and more vigorous exercise outside school. 20 However, a study of American adolescents aged 12 ± 16 y, resident in Pittsburgh, reported that physical activity participation was unrelated to SES. 21 A study of German adolescents 22 found that lower SES boys participated in more moderate-intensity activity and that higher SES boys participated in more vigorous activity. No relationship between physical activity and SES was found among the German girls. Although these ®ndings are somewhat inconsistent, they suggest that physical activity tends to increase with SES. Analyses of the NSW Schools Fitness and Physical Activity Survey 1997 data revealed that the proportion of girls who were vigorously or moderately physically active decreased with decreasing SES. Later analyses will examine the relationship between leisure-time physical activity energy expenditure and SES.
Conclusions
The survey from which the data presented here were drawn has a number of limitations which may be potential sources of bias. First, classes within each selected school were chosen at random, rather than individual students, to reduce disruption in the participating schools. Where possible, mixed-ability classes were used to minimise bias. Second, because students were selected from every second school year, the sample is not representative of age. Third, although the response rates were generally quite high ( b 80%) the response rate for Year 10 girls was 71%. We were unable to determine if the nonresponders among this group were different from the participants, with respect to obesity. Indeed, it would have been helpful to offer some comment on possible differences between responders and non-responders in all groups, but no information was available for nonresponders.
Although the differences in body fatness found between girls of different SES were not large, the consistent ®ndings suggest that the relationship was robust. We recommend that health promotion programs emphasize regular, enjoyable physical activity, a healthy diet and acceptance of the normal range of body shapes and that regular monitoring of the anthropometric status of children and adolescents be conducted.
